In this work we report an eco-friendly method for the synthesis of gold nanoparticles (AuNPs) using Averrhoa carambola L. fruit extract at different temperatures. AuNPs were formed and coated conjugatedly with the components of aqueous fruit extract of Averrhoa carambola L. as verified under UV-vis spectroscopy, transmission electron microscopy (TEM) and used for testing of antimicrobial activity. AuNPs -Averrhoa carambola L. extract combination showed synergistic effect on the antibacterial activity as judged by well diffusion method. AuNPs alone did not showed the antibacterial activity, and Averrhoa carambola L. extract had the inhibition zone of 8.8 ± 1.08 mm, while the combination of AuNPsAverrhoa carambola L. extract showed 16.33 ± 2.33 mm inhibition zone when Averrhoa carambola L. extract was 285 mg/ml. Therefore, green-synthesized AuNPs by our protocol are potential to biomedical applications.
INTRODUCTION
During the past several years, the studies are focused towards greener method for the synthesis of nanoparticles. Among them, gold nanoparticles (AuNPs) are attractive materials due to their potential applications in diverse fields, including drug delivery, sensors and electronic applications [1] . Therefore, there is a growing need to develop environmentally friendly processes for nanoparticle synthesis without using toxic chemicals. Recently there have been a number of reports on the green synthesis of AuNPs using plant extracts [2 -12] . The shape of nanoparticles plays a crucial role in the modulation of their optical properties. We successful synthesized the different sizes of gold nanorods via the chemical methods [13 -15] . The surface plasmon resonance (SPR) of AuNPs is closely related to size, shape and assembly of nanoparticles. The Averrhoa carambola L. extract contains a lot of biomolecules, such as protein/enzymes, polysaccharides, amino acids and vitamin possessing antioxidant and antimicrobial activities [7] . It could be used both as reducing and capping agents for preparation of AuNPs. Moreover, the potential of plants for therapeutic treatment, but the plant extracts inhibited bacteria usually are low level. This aim of research need to be conducted to fabricate gold nanoparticles conjugated with the aqueous fruit extract of Averrhoa carambola L. on behalf of increasing the antibacterial activity. Plant extracts have great potential as antimicrobial compounds against microorganisms. The synergistic effect from the association of gold nanoparticles with plant extracts against bacteria leads to new choices for the treatment of infectious diseases. Staphylococcus aureus is an important pathogen associated with nosocomial human infections, and this microorganism has successfully evolved numerous strategies to resist different antibiotics [16] . Such increases in antibiotic resistant S. aureus strains drives research discovery of new antimicrobial agents and the development of alternative therapeutic strategies. In this study, we carried out rapid synthesis of AuNPs using Averrhoa carambola L. fruit extracts. The shape and size of the gold nanoparticles could be controlled by changing the parameters in reaction medium. We also studied the effect of reaction conditions such as the temperature and fruit broth concentration on the particle size and morphology of the synthesized gold nanoparticles.
MATERIALS AND METHODS

Preparation of Averrhoa carambola L. extracts
Fruits of the Averrhoa carambola L. plant (Oxalidaceae family) were collected from different localities of Thu Dau Mot, Binh Duong Province (Vietnam). Collection was performed from January 2016 to April 2016. The plant was identified by Biology Department, Faculty of Resources and Environment, Thu Dau Mot University. The plant fruits were cleaned by distilled water and dried at 50 o C in the oven for 2 -3 hours before being extracted. A plant fruits were pureed by the Philips grinder, after that these samples were extracted successfully by the maceration method in aqueous solvent for 24 hours at 50 o C. These mixtures were centrifuged at 5000rpm for 15 min. The supernatant was collected, and filtrated though Whatman paper (1820-110, GE Health care UK Ltd) The filtrate subsequently was passed one more time though the filter (A 33 mm diameter × 0.22 µm pore size hydrophilic Polyethersulfone (PES) membrane, Merck, Germany) and concentrated under reduced pressure using a rotary evaporator. The final filtrated fruit extract was storage at 4 0 C for further use.
Synthesis of gold nanoparticles
In a typical experiment, 100 µL of extract was added into 5 mL aqueous. Then, 0.025 M HAuCl 4 100 µL was added under stirring condition. The effects of temperature on the synthesis rate and particle size/shape of the prepared AuNPs were studied by carrying out the reaction at room temperature, 40 o and 100 o C. A change in the color of solution is observed during reaction process. The solutions of different temperature were analyzed with UV-vis spectroscopy to monitor AuNPs formation. The SPR wavelength of AuNPs synthesized under different conditions varies with their size and shape. The reduction of Au 3+ to Au 0 was monitored by observing change in color of the reaction light purple to dark purple. The absorption maxima for the biosynthesized nanoparticles were noted in the visible range of 400 -1300 nm. The typical absorption maxima for AuNPs synthesized was obtained at around 540 to 1250 nm which is shown in the (Fig. 1.) .
Characterization
The UV-Vis absorption spectrum of the colloidal AuNPs solution was measured by Jasco V670, the spectra were collected from 400 to 1100 nm at room temperature. The morphology of the particles was examined by transmission electron microscopy (TEM). The samples for TEM measurement were prepared by dropping AuNPs solution onto a carbon-coated copper grid. The histogram of the particles size distribution and the average diameter were obtained by measuring particles. Elemental composition of sample was analyzed with energy dispersive analysis of Xray spectroscopy (EDS).
Antimicrobial Staphylococcus aureus (Anti -SA) activity study
Staphylococcus aureus (ATCC 43300) was from ATCC company, USA, which are antibiotic sensitive. Staphylococcus aureus is a gram-positive coccal bacterium that is a member of the Firmicutes, and is frequently found in the nose, respiratory tract, and on the skin [17] . Staphylococcus aureus is one of the most common causes of bacteremia and infective endocarditis. Additionally, it can cause various skin and soft tissue infections [18] . Bacterial cultures were inoculated in LB broth for 3 hours at 37 °C and turbidity was adjusted in phosphate buffered saline (PBS) to 0.5 McFarland's index. Then, the bacteria were spread on 90 mm Muller Hinton Agar (Difco, Lot.8339486) plates containing 5mm wells. Each test well was added with 100 microlitre ( l) sample solution. The 1 st well was added with distilled water, 2 nd is supplied the gold nanoparicles solution as the controls. The plant extract while 3 rd well with the concentration of plant extract. The 4 th well was added AuNPs -Averrhoa carambola L. extract combination. After holding the plates at room temperature for 2 h to allow diffusion of extract into the agar, and the plates were incubated at 37 °C aerobically for 24 hours. The diameter of the zone of bacterial inhibition around each well was measured [19] . The prepared fruit extract of the plant was tested by agar well diffusion technique for anti-SA activity . The fruit extract concentration of 285mg/ml was used for the assay, AuNPs -Averrhoa carambola L. extract combination with the same concentration. The zone of inhibition was measured in terms of milimeters. Tests were performed in triplicates and data were statistically analyzed using analysis of variance (ANOVA). Data were presented as mean ± standard error (SE). The means of the values were determined at 0.5 % level (SPSS 18.0, SSPS Inc., Chicago, IL, USA).
RESULTS AND DISCUSSION
UV-vis spectra analysis
With dropwise addition of HAuCl 4 25 mM solution to Averrhoa carambola L. extract, the color of the reaction mixture tured to light purple and then to dark purple. The appearance of color confirms the formation of gold nanoparticles (AuNPs). The fruit extract appears to be a potential source of water soluble compounds which are considered to be efficient reducer and stabilizer for nanoparticles. The UV-vis absorption spectra during the reduction reaction at different time interval at room temperature are shown in Fig. 1a . The intensity of each peak increased with time by the formation of more and more nanoparticles. Fig. 1b shows AuNPs synthesis with different reaction temperatures obtained using Averrhoa carambola L. fruit extract. The conversion at room temperature after 15 min and reached almost 100 % after 60 min. It required only 20 min for AuNPs synthesized at 40 o C and the synthesis time was shorter at higher temperature. As the reaction temperature increased, the AuNPs synthesis rate increased. The UV-vis spectrum from AuNPs solution synthesized at room temperature clearly shows two absorption bands; one at 540 nm and the second, higher wavelength component appears at 945 nm in the near-infrared (NIR) region, which corresponds to the longitudinal surface plasmon absorption.
According to Mie theory, spherical gold nanoparticles exhibit a single SPR band, whereas anisotropic particles are the second and third SPR bands. The control on the shape and size of gold nanoparticles enables turning of their optical, electronic, magnetic, and catalytic properties.
TEM and EDS analysis
TEM images in Fig. 2 were recorded from AuNPs synthesized at different temperature. Analysis of the green synthesized AuNPs by TEM confirms that a mixture of triangular and spherical shape were obtained at room temperature, while those mainly of spherical shape were obtained at 40 o C and 100 o C. The change in morphology with the reaction temperature can relate to the reaction rate. At higher temperature, amount of triangles went down and is accompanied by an increase in the number of spherical AuNPs. Increasing the reaction temperature during reduction of HAuCl 4 solution using plant extract results mainly in an increase in the rate of reduction of gold ions, this in turn leads to an enhanced nucleation rate and a higher population of spherical nanoparticles. It is clear that the triangles disappeared at 100 o C. Therefore, it could be concluded that the morphology is changed to belong with the reaction temperature. Furthermore, due to the higher rate of reduction, most of chloroaurate ions were consumed in the formation of nuclei, and thus, the secondary reduction process on the surface of the preformed nuclei is stalled [2, 4] . The EDS spectrum of the solution containing AuNPs (Fig. 3, left) shows a strong gold signal along with silicon (Si) and chlorine (Cl) peak as impurities coming from the sample substrate or which may have originated from the biomolecules. SEM image of biosynthesized gold (Fig. 3, right) shows the presence of quasispherical nanoparticles. The size of the prepared AuNPs in solution was about 44 to 70 nm. As shown in Figure 4 , the plant extract alone of 285 mg/ mL inhibited the bacterial growth through the zone of inhibition was 8.8 ± 1.08 mm. However, a synergetic effect was observed when Averrhoa carambola L. extract was combined with gold nanoparticles causing inhibition zone of 16.33 ± 2.33 mm. This antibacterial activity was significant high.
Analysis of antibacterial activity
CONCLUSION
In this study, AuNPs were synthesized by a rapid eco-friendly process using the Averrhoa carambola L. fruit extract as a reducing agent. The shape and size of AuNPs were confirmed by TEM with triangular and spherical shape nanoparticle with an average size of range 44 to 70 nm. The result of the experiments proved that the AuNPs synthesized by our method having synergy effect to antimicrobial properties when AuNPs coated with the aqueous fruit extract of Averrhoa carambola L. The rate of reduction of AuNPs using plant agents was found to be much faster at ambient temperature condition. All AuNPs showed good biocompatibility and good stability for over 2 months.
